Introduction
The number of dairy products available on the market with probiotic bacteria added is steadily increasing. A number of health effects are attributed to the consumption of these products, including suppression of diarrhea, anti-tumour activity, modulation of immunity, relief of lactose intolerance and the maintenance of a healthy intestinal microflora, which may be pivotal to all of the above. 1, 2, 3 However, within the community of laryngectomized patients, who are using voice prostheses, anecdotal evidence suggests that the consumption of dairy products with probiotic bacteria added may also have a beneficial effect in the upper digestive tract.
Laryngectomy is a surgical procedure carried out in patients with a malignant tumour of the voice-producing organ and involves removal of the larynx including the vocal cords. 4, 5, 6 After laryngectomy patients have to breathe through a permanent tracheostoma and can receive a voice prosthesis for speech rehabilitation. Voice prostheses are implanted as a shunt-valve between the digestive tract and the trachea. By closing the tracheostoma with a finger, patients can direct an airflow through the valve into the oropharyngeal region where remaining muscular structures act as pseudo-vocal cords (see Figure 1 for oropharyngeal anatomy after laryngectomy).
The prolonged use of indwelling silicone rubber voice prostheses by laryngectomized patients is limited to 3 to 4 months on average due to biofilm formation on the oesophageal valve side of the prosthesis. Biofilm formation may cause leakage of the valve or increased airflow resistance. 7 Biofilms on voice prostheses consist of a large variety of oral and skin micro-organisms, including streptococci, staphylococci and yeasts. 5, 8 The yeasts have a tendency to grow into the silicone rubber and consequently avoid detachment by naturally occurring shear forces in the oropharyngeal cavity. 8, 9 Oropharyngeal decontamination with antimycotics has not been very effective 6, 10 and carries the risk of inducing resistant strains.
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There is anecdotal evidence among patients in The Netherlands that the consumption of buttermilk, which contains Lactococcus cremoris, Lactococcus lactis spp., bacteria that can produce antimycotics 12 and lactoferrin 13 , prolongs the lifetime of indwelling voice prostheses.
Recent research has suggested that consumption of 2 kg per day of Turkish yoghurt effectively eliminates biofilm formation on indwelling voice prostheses, possibly related 14 to the presence of Streptococcus thermophilus and Lactobacillus bulgaricus in Turkish yoghurt. 2, 15 Lactobacilli have long been known for their capacity to interfere with the adhesion of uropathogens to epithelial cells 15, 16, 17 and catheter materials 18 , while S. thermophilus can effectively compete with yeasts in their adhesion to substratum surfaces, like silicone rubber. 14 The objective of the present research was to determine whether commercially available dairy products affect the removal of oropharyngeal biofilms from silicone rubber voice prostheses.
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5 | 60 After thawing and culturing a microbial batch in the above described medium for 5 hours, the artificial throats were inoculated with 240 ml each (titer of micro-organisms 10 8 to 10 9 per ml) and biofilm was allowed to grow on the voice prostheses during three days. During these three days, the filled artificial throats were left as if a batch culture. On the fourth day, the throats were flushed with sterilized phosphate buffered saline (10 mM of potassium phosphate, 150 mM of NaCl, pH 7.0) to remove remnants of the growth medium.
Materials and methods

Voice prostheses and biofilm formation
In one artificial throat, serving as a control, 650 ml of phosphate buffered saline was then perfused at a flow rate of 35 ml/min and the prostheses were left in the moist environment of the drained artificial throat. In the other artificial throats, 650 ml of a dairy product was perfused, also at a flow rate of 35 ml/min, after which it was left drained. To remove remnants of the dairy product prior to the next perfusion, phosphate buffered saline was perfused through the device, followed by a dairy product after which it was left drained. This perfusion scheme was repeated three times a day with 4 h time intervals in between, mimicing breakfast, lunch and dinner. At the end of the day, the artificial throats were filled with growth medium for half an hour, in order to let the biofilm grow and overnight the artificial throats were left in the moist environment of the drained throat.
Influence of dairy products on biofilm removal
Experiments were continued for 12 d at room temperature during which the tracheal sides of the prostheses were left in ambient air, similar to the situation with a stoma. Table 1 lists the dairy products employed in this study, together with the components thought relevant for the present work. All products were commercially purchased, except Yakult fermented milk drink, which was kindly provided by Yakult Nederland B.V., Almere, The Netherlands. Yakult was diluted tenfold, in order to get enough volume for one perfusion, prior to use, either in water (this dilution will be denoted "Yakult fermented milk drink") or in buttermilk ("buttermilk/Yakult"). Mona mild and low-fat yoghurt were diluted 1 to 1 with water, to make it suitable for perfusion and are denoted "Mona mild and low-fat yoghurt".
Dairy products
For quality control of the products, 3 samples of each product were purchased with a 1 week time interval in between the purchase of product types. The pH of each product was measured and found to be constant within 0.1 pH-unit for all 3 purchases of a product (see also terial numbers and types. Subsequently, products were purchased at three different periods and were examined for bacterial types and numbers by plating aliquots of the product on blood agar and MRS agar (for lactobacilli) plates. Species present according to the product label were always found, although not in the same numbers for all purchases ( Table 1) .
Evaluation of biofilms
After removal of the voice prostheses from the modified Robbins device, biofilm on the valve side of one prosthesis was qualitatively assessed by electron microscopy and quantitatively for the other three by plating of the biofilms on agar.
Electron microscopy
For scanning electron microscopy the voice prostheses were flushed with 6.8% sucrose in 0. 
Microbial enumeration
The number of colonizing yeasts were determined by serial dilution and plating on brain heart infusion, while bacteria were enumerated from blood agar plates after removal of the biofilms by scraping off, and sonication. Agar plates were stored at 37°C under aerobic conditions for three days. Subsequently, the inoculum density (cfu/cm 2 ) was determined microscopically for all prostheses exposed to a certain product. The consistency of quantity and quality of the biofilms in the artificial throats was evaluated by comparing the number of bacteria and yeasts in the biofilms formed on the voice prostheses in the control artificial throat.
Results
A representative scanning electron micrograph of a Groningen button voice prosthesis removed after 12 d from the control artificial throat is shown in Figure 3 . Heavy biofilm formation can be observed, extending over a major part of the valve, with clear ingrowth of microcolonies similar to those observed on explanted voice prostheses. On average, voice prostheses in the control artificial throat were colonized by 3 x 10 7 cfu yeasts/cm2 and 1.1 x 10 9 cfu bacteria/cm2 (standard deviations over all runs were less than 30% of the means) and quantity and quality of biofilms in all artificial throats were considered consistent by visual inspection over all experimental runs. The numbers of yeasts and bacteria isolated from the experimental voice prostheses were expressed as percentages of numbers found on control prostheses (Figure 4) . Cultured buttermilk substantially reduced biofilm formation, for both yeasts and bacteria. This effect was not observed with pasteurized buttermilk. Some of the other products, most notably Yakult fermented milk drink, reduced the number of bacteria, whereas the growth of yeasts was not inhibited. Interestingly, the buttermilk/Yakult mixture did not show a similar effect on bacteria, as expected on the basis of the results of buttermilk and Yakult fermented milk drink. Unexpectedly the growth of yeasts was found to be Chapter 5 
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increased after mixing Yakult fermented milk drink and buttermilk (1:9 dilution). Although the agar plates were specifically investigated for colonies of the bacterial strains present in the products, we found no indications that the bacteria themselves were colonizing the voice prostheses.
A compilation of electron micrographs of the valve sides of voice prostheses after exposure in the artificial throats to different products is shown in Figure 5A . Exposure to buttermilk leaves less biofilm compared with the control in Figure 3 . The other products have a less clear effect, at least when judged qualitatively by electron microscopy.
Discussion
After the first descriptions of health benefits of probiotic bacteria by Metchnikoff, published in 1907, the development of probiotics slowed down in the 1930's and 40's when chemotherapy and penicillin were introduced. 1 Presently, the worldwide development of antibiotic resistance of pathogenic micro-organisms has renewed the interest in the use of probiotics for health benefits. The results described in this paper suggest the consumption of certain fermented dairy products may provide health benefits in the upper digestive tract for patients with a voice prosthesis. Clinically, these results support suggestions from laryngectomized patients that the consumption of buttermilk or Turkish yoghurt, a home-fermented drink in Turkey, prolongs the life-time of their prostheses.
In this study we have investigated potential effects of three types of dairy products 1) traditional fermented milk products (buttermilk, yoghurt); 2) a traditional fermented milk product with added probiotic bacteria (Mona Vifit); 3) milk, fermented by one single probiotic strain (L. casei Shirota fermented milk, Yakult). The mechanisms by which various products interfere with oropharyngeal biofilm formation may be different for the different products and can only be speculated upon. Buttermilk is not only rich in lactoferrin 13 , which possesses bactericidal and fungicidal activities against a number of oral pathogenic microorganisms including Actinobacillus actinomycetemcomitans, Streptococcus mutans and C. Albicans. 20, 21, 22 Buttermilk also contains L. lactis, which is a strain releasing antimycotic substances. 12 Lactobacilli, like L. acidophilus, Lactobacillus gasseri and Lactobacillus jensenii, which are member of the normal healthy vaginal microflora to restore a balanced, normal gastrointestinal microflora. Mechanisms of interference of probiotic bacteria can be found at different levels. Production of lactic acid, bacteriocins, short chain fatty acids are important, but also the modulation of the immune system and colonization resistance and prevention of colonization by undesirable organisms, may play a role.
In this study we confirmed the previously reported potential of unpasteurized buttermilk to remove oropharyngeal biofilms from silicone rubber voice prostheses and to inhibit later growth. Also Yakult fermented milk drink, containing L. casei Shirota, strongly inhibited bacterial growth on the voice prosthesis, whereas for the other products the inhibition was S. thermophilus strains, normally found in yoghurt, also release biosurfactants 24, 25 and in vitro studies have shown that they can interfere with adhesion of individual oropharyngeal yeasts to silicone rubber.
14 However, this is not clear in the present study for any of the products containing S. thermophilus. Likely, the total composition of the products is a major contributing factor in explaining the results. It is unknown whether there is a synergistic interaction between product matrix components.
This study demonstrates that the consumption of certain dairy products containing active probiotics for the upper digestive tract may be associated with significant health benefits for those using voice prostheses, for whom prevention or even delay of biofilm formation will constitute a major relief, as each replacement brings the necessity of visiting a hospital and the discomfort of the replacement procedure. Further research should be carried out to determine if it will be possible to treat other infections of the upper digestive tract, like oesophagitis, with probiotic containing dairy products rather than with antibiotics.
